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In the title compound, Ci 6 H 13 F0 2 S, the 4-fluorophenyl ring 
makes a dihedral angle of 38.75 (8)° with the mean plane of 
the benzofuran fragment. In the crystal, molecules are linked 
by weak intermolecular C— H- ■ O hydrogen bonds. 

Related literature 

For the pharmacological activity of benzofuran compounds, 
see: Aslam et al. (2009); Galal et al. (2009); Khan et al. (2005). 
For natural products with benzofuran rings, see: Akgul & Anil 
(2003); Soekamto et al. (2003). For structural studies of related 
5-aryl-2-methyl-3-methylsulfinyl-l-benzofuran drivatives, see: 
Choi et al. (2006, 2009). For the synthesis of 2-methyl- 
benzofuran derivatives, see: Choi et al. (1999). 




Experimental 

Crystal data 

C 16 H 13 F0 2 S 
M, = 288.32 
Monoclinic, P2,/c 



H = 93.606 (5)° 
V = 1387.1 (7) A 3 
Z = 4 

Mo Ka radiation 

Data collection 

Bruker SMART APEXII CCD 
diffractometer 

Absorption correction: multi-scan 
{SADABS; Bruker, 2009) 
r mi „ = 0.934, r m „ = 0.952 

Refinement 

R[F 2 > 2a(F 2 )] = 0.049 

wR(F 2 ) = 0.137 

S = 1.05 

3478 reflections 



Table 1 

Hydrogen-bond geometry (A, °). 



IX = 0.24 mm 
T = 173 K 

0.28 x 0.22 x 0.21 mm 



13601 measured reflections 
3478 independent reflections 
2437 reflections with I > 2a(l) 
R in . = 0.055 



183 parameters 

H-atom parameters constrained 
Ap max = 0.32 e A~ 3 
Ap mi „ = -0.22 e A~ 3 



D-H-A 


D-H 


H-A 


D-A 


D-H-A 


C5-H5- ■ 02' 


0.95 


2.36 


3.245 (3) 


156 


C16-H16/J- ■ 02" 


0.98 


2.43 


3.319 (3) 


151 


Symmetry codes: fi) x, —y 




(ii) x, y + 1, z. 







a = 15.101 (5) A 
b = 5.3150 (16) A 
c = 17.317 (5) A 



Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT 
(Bruker, 2009); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEP-3 (Farrugia, 1997) and DIAMOND (Brandenburg, 1998); 
software used to prepare material for publication: SHELXL97. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: QK2019). 
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5-(4-Fluorophenyl)-2-methyl-3-methylsulfinyl-l-benzofuran 
P. J. Seo, H. D. Choi, B. W. Son and U. Lee 

Comment 

Recently, many compounds having a benzofuran moiety have drawn much attention owing to their valuable pharmacological 
properties such as antibacterial and antifungal, antitumor and antiviral, and antimicrobial activities (Aslam et al, 2009, 
Galal et al., 2009, Khan et al, 2005). These benzofuran derivatives occur in a wide range of natural products (Akgul & 
Anil, 2003; Soekamto et al, 2003). As a part of our ongoing studies of the substituent effect on the solid state structures 
of 5-aryl-2-methyl-3-methylsulfinyl-l-benzofuran analogues, see: Choi et al. (2006, 2009), we report herein the crystal 
structure of the title compound. 

In the title molecule (Fig. 1), the benzofuran unit is essentially planar, with a mean deviation of 0.011 (2) A from the 
least-squares plane defined by the nine constituent atoms. The diheral angle formed by the 4-fluorophenyl ring and the 
mean plane of the benzofurn fragment is 38.75 (8)°. In the crystal packing (Fig. 2), molecules are linked by weak inter- 
molecular C — H - 0 hydrogen bonds; the first one between a benzene H atom and the O atom of the sulfinyl group (Table 1; 

C5 — H5 - 02 1 ), the second one between a methyl H atom of the methylsulfinyl group and the O atom of the sulfinyl group 

(Table 1; C16— H16B -02 ii ). 

Experimental 

5-(4-Fluorophenyl)-2-methyl-3-methylsulfanyl-l -benzofuran was obtained from 4'-fluoro-l, l'-biphenyl-4-ol and a-chloro- 
a-(methylsufanyl)acetone (Choi etal, 1999). 77% 3-chloroperoxybenzoic acid (291 mg, 1.3 mmol) was added in small por- 
tions to a stirred solution of 5-(4-fluorophenyl)-2-methyl-3-methylsulfanyl-l-benzofuran (326 mg, 1.2 mmol) in dichloro- 
methane (40 mL) at 273 K. After being stirred at room temperature for 4h, the mixture was washed with saturated sodium 
bicarbonate solution and the organic layer was separated, dried over magnesium sulfate, filtered and concentrated at reduced 
pressure. The residue was purified by column chromatography (hexane-ethyl acetate, 1 : 1 v/v) to afford the title compound 
as a colorless solid [yield 70%, m.p. 4 1 1 — 4 1 3 K; Rf =0.46 (hexane-ethyl acetate, 1:1 v/v)]. Single crystals suitable for X-ray 
diffraction were prepared by slow evaporation of a solution of the title compound in ethyl acetate at room temperature. 

Refinement 

All H atoms were positioned geometrically and refined using a riding model, with C — H — 0.95 A for aryl and 0.98 A for 
methyl H atoms. (7i S0 (H) = 1.2C/ e q(C) for aryl and 1.5(7 e q(C) for methyl H atoms. 
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Figures 



Fig. 1. The molecular structure of the title compound with the atom numbering scheme. Dis- 
placement ellipsoids are drawn at the 50% probability level. H atoms are presented as a small 
spheres of arbitrary radius. 



Fig. 2. A view of the C — H - O interactions (dotted lines) in the crystal structure of the title 
compound. [Symmetry codes: (i) x,-y+ 1/2, z + 1/2; (ii) x, y + 1, z; (hi) x, - y +1/2 , z - 1/2; 
(iv)x,y- l,z.] 



5-(4-Fluorophenyl)-2-methyl-3-methylsulfinyl-1-benzofuran 



Crystal data 
Ci 6 H 13 F0 2 S 
M,- = 288.32 
Monoclinic, P2\lc 
Hall symbol: -P 2ybc 
a = 15.101 (5) A 
6 = 5.3150 (16) A 
c= 17.317(5) A 
(3 = 93.606 (5)° 

V= 1387.1 (7) A 3 
Z=4 



F(000) = 600 

D % = 1.381 MgnT 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 2591 reflections 

6 = 2.6-26.4° 

H = 0.24 mm -1 
T= 173 K 
Block, colourless 
0.28 x 0.22 x 0.21 mm 



Data collection 

Bruker SMART APEXII CCD 
diffractometer 

Radiation source: rotating anode 
graphite multilayer 

Detector resolution: 10.0 pixels mm" 1 
(p and co scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 
T min = 0.934, J max = 0.952 
13601 measured reflections 



3478 independent reflections 

2437 reflections with / > 2a(7) 
R int = 0.055 

9max = 28.5°, 9 m j n = 1 .4° 
h = -20^20 

k = -6^7 

/ = -22^22 



Refinement 

Refinement on F 
Least-squares matrix: full 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
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R[F 2 > 2o(F 2 )] = 0.049 
wR(F 2 ) = 0.137 

S= 1.05 

3478 reflections 
183 parameters 
0 restraints 



Hydrogen site location: difference Fourier map 
H-atom parameters constrained 

w = 1/[g 2 (F 0 2 ) + (0.065 IP) 2 + 0.2344P] 
where P = (F 0 2 + 2F 2 )/3 
(A/o) max < 0.001 
Ap max = 0.32eA" 3 
Apmin = -0.22 e A~ 3 



Special details 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The 
cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds 
in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used 
for estimating esds involving l.s. planes. 

2 2 
Refinement. Refinement of F against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F , convention- 
al R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2sigma(F 2 ) is used only for calculat- 
ing R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice 
as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 




SI 


0.17563 (4) 


0.58042 (10) 


0.28834 (3) 


0.04103 (18) 


Fl 


0.55934 (10) 


-0.3181 (3) 


0.63856 (9) 


0.0799 (5) 


Ol 


0.06789 (11) 


0.7798 (3) 


0.47995 (8) 


0.0601 (5) 


02 


0.19330 (12) 


0.3052 (3) 


0.28237 (8) 


0.0577 (5) 


CI 


0.14479 (13) 


0.6338 (4) 


0.38282 (10) 


0.0361 (4) 


C2 


0.18189(13) 


0.5179 (4) 


0.45385 (10) 


0.0348 (4) 


C3 


0.25025 (13) 


0.3517(3) 


0.47389 (10) 


0.0324 (4) 


H3 


0.2843 


0.2794 


0.4353 


0.039* 


C4 


0.26806 (13) 


0.2925 (4) 


0.55191 (10) 


0.0348 (4) 


C5 


0.21503 (16) 


0.3959 (4) 


0.60763 (11) 


0.0509 (6) 


H5 


0.2269 


0.3515 


0.6604 


0.061* 


C6 


0.14668 (18) 


0.5585 (5) 


0.58852 (12) 


0.0615 (7) 


H6 


0.1112 


0.6273 


0.6267 


0.074* 


C7 


0.13179(15) 


0.6176 (4) 


0.51116(12) 


0.0490 (6) 


C8 


0.07767 (15) 


0.7839 (4) 


0.40150 (11) 


0.0472 (5) 


C9 


0.34346 (13) 


0.1263 (4) 


0.57592 (10) 


0.0337 (4) 


C10 


0.36519 (15) 


-0.0773 (4) 


0.53163 (13) 


0.0471 (5) 


H10 


0.3298 


-0.1145 


0.4858 


0.056* 


Cll 


0.43708 (18) 


-0.2285 (5) 


0.55224 (15) 


0.0636 (7) 


Hll 


0.4510 


-0.3696 


0.5216 


0.076* 


C12 


0.48785 (15) 


-0.1697 (5) 


0.61814(13) 


0.0506 (6) 


C13 


0.46903 (15) 


0.0255 (5) 


0.66434 (13) 


0.0518(6) 


H13 


0.5048 


0.0598 


0.7102 


0.062* 


C14 


0.39641 (16) 


0.1737 (4) 


0.64317(12) 


0.0499 (6) 
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U.V524 (5) 


0.35532(14) 
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n m Pi A 
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1 1 Ton 
1.1 Z5U 


0.3682 




a noo* 




H15B 


-0.0449 


0.9162 


0.3672 




0.088* 




H15C 


0.0231 


0.9241 


0.3001 




0.088* 




C16 


0.28109 (15) 


0.7332 (4) 


0.29579(13) 


0.0502 (5) 




H16A 


0.3181 


0.6581 


0.3382 




0.075* 




H16B 


0.2729 


0.9127 


0.3061 




0.075* 




H16C 


0.3102 


0.7128 


0.2472 




0.075* 




Atomic displacement parameters (A 2 ) 
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Geometric parameters (A, °) 
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TJ1CA P1C III r/' 

H 1 jA — C 1 J — H 1 jC 


1 nn c 

luy.j 


Ul — C/ — Co 


izo.ij (iy) 


m co pic m cp 
H 1 jd — C 1 J — H 1 jC 


1 nn c 

luy.j 


HI P7 CI 


1 1 0 n7i 


CI pi f. U 1 f. A 

o i — V 1 u — 1 1 1 Urt 


1 HQ S 

1 Ui'. J 


C6 — C7 — C2 


Y12S2 (19) 


SI — C16 — H16B 


109.5 


Ci — C8 — Ol 


110.93 (17) 


H16A — C16 — H16B 


109.5 


CI — C8 — C15 


132.98 (19) 


SI — C16 — H16C 


109.5 


Ol — C8 — C15 


116.06 (18) 


H16A — C16 — H16C 


109.5 


CIO — C9 — C14 


117.57 (19) 


H16B — C16 — H16C 


109.5 


Uz — ol — CI — to 


— Li / .I (Z) 


r^i r^o c^~i r^t* 
C 1 — C2 — C / — Co 


1 "70 Q 

- 1 /o.y (z j 


ClO — bl — CI — Co 


112.5 (2) 


r^T r^i r^o r\i 
C2 — C 1 — C8 — U 1 


0.9 (3) 


UZ — b 1 — C 1 — CZ 


39.1 (2) 


Ci r^o r\i 
bl — CI — Co — Ul 


1 "7*7 "7/1 /1 &\ 
1 / /. /4 (loj 


r^i/: ci r^i r^"> 
ClO — bl — CI — C2 


— 11.1 (Z) 


C2 — C 1 — C8 — C 1 5 


1 *70 O 

1 /o.o (3) 


r^Q r^i r^o r^i 
Co — C 1 — tz — Cj 


1 "7Q /I /")\ 

—i /y.4 (z j 


Ci i r^o i c 
bl — CI — Co — CI J 


-4.3 (4) 


b 1 — C 1 — C2 — Cj 


3.8 (4) 


f^n r\i r^o r^i 
C / — U 1 — C8 — C 1 


n c 

-0.5 (3) 


Co — C 1 — C2 — C / 


-0.9 (3) 


C/ — Ul — Co — C15 


— 1 /0.8 (2) 


bl — CI — C2 — C/ 


i hh an /1 t\ 
—1 / /.O/ (1 /) 


C3 — C4 — C9 — C 1 0 


—3 1.0 (i) 


C / — C2 — C j — C4 


-1.3 (3) 


C5 — C4 — C9 — C 1 0 


143.6 (2) 


CI— C2— C3— C4 


177.1 (2) 


C3— C4— C9— C14 


140.8 (2) 


C2— C3— C4— C5 


1.9 (3) 


C5— C4— C9— C14 


-38.0 (3) 


C2— C3— C4— C9 


-176.79 (18) 


C14— C9— CIO— Cll 


-0.6 (3) 


C3— C4— C5— C6 


-1.3 (4) 


C4— C9— CIO— Cll 


177.9 (2) 


C9— C4— C5— C6 


177.4 (2) 


C9— CIO— Cll— C12 


-0.7 (4) 
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r~*A /^c c^n 
C4 — CD — Co — C / 


0.0 (4) 




CIO — Cll — C12 — CI J 




1.7 (4) 


r^o f^n f^c 
Co — U 1 — C / — Co 


i /y.j (3) 




CIO — Cll — Clz — f 1 




—1 ly. 1 \l) 


C8— Ol— C7— C2 


-0.2 (3) 




Fl— C12— C13— C14 




-179.8(2) 


C5— C6— C7— Ol 


-178.8 (2) 




Cll— C12— C13— C14 




-1.2 (4) 


C5— C6— C7— C2 


0.7 (4) 




CI 2— CI 3— CI 4— C9 




-0.3 (4) 


C3— C2— C7— Ol 


179.45 (19) 




C10— C9— CI 4— CI 3 




1.1 (3) 


CI— C2— C7— Ol 


0.6 (3) 




CA — C9— CI 4— CI 3 




-177.4 (2) 


Cj — Cz — C / — CO 


ft 1 (A\ 
0.1 (4) 










Hydrogen-bond geometry (A, °) 












D—H-A 




D — H 


R-A 


D-A 


D— 


C5— H5-02' 




0.95 


2.36 


3.245 (3) 


156. 


CI 6— H16B-02" 




0.98 


2.43 


3.319 (3) 


151. 



Symmetry codes: (i) x, -y+l/2, z+1/2; (ii) x,y+\, z. 
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